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I. General Considerations 

The study of the physiology of plant disease has been rather 
incidental to the work of the pathologist although of basic sig¬ 
nificance both theoretically and practically. Considerable mater¬ 
ial concerning the subject is scattered throughout botanical 
writings, and in recent articles references to various portions of 
it are made indiscriminately. Many contradictions, real or ap¬ 
parent, are accepted because no discriminating summarization is 
available, and as a result the objectives of investigation are often 
vague. A very urgent need exists for a thorough survey of the 
field, together with a careful consideration of the bearings of 
recent investigations in the contributory lines of work. 

Because the subject is extremely complex it is especially neces¬ 
sary to separate clearly from one another the various questions 
involved. In many diseases parasitism does not exist, and a care¬ 
ful study of the physiology of such abnormal conditions in con¬ 
trast with the normal physiology of the plant is especially import¬ 
ant. In the study of parasitic diseases the parasite, the host, and 
the host-parasite complex must be studied separately in relation 
to the environment. This means, among other things, a better 
knowledge of the nutritional habits of each disease-producing 
fungus, although it must be recognized that the substances which 
a fungus may use as food are often much more numerous than 
those with which it can come in contact in nature. Here again the 
scattered information should be brought together and carefully 
analyzed as a basis for further study. 

Such suggestions as we have concerning resistance, at the 
present time, indicate that there are several types which form a 
more or less closely graded series. We should scarcely look for any 
generalization to explain so complex a set of phenomena, nor 
should we deceive ourselves in the use of such a broad term as 
‘‘resistance,’’ into expecting to discover some such generalization. 
Perhaps one of the most frequent mistakes among scientists is to 
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discover some new law or generalization and then attempt to apply 
it to many different series of facts. Because natural selection is 
an important fact of nature we should not attempt to ascribe all 
evolution to its action. Similarly because we recognize that re¬ 
sistance may be due, in certain cases, to toxic materials, we should 
not discard the evidence of probable morphological causes in 
other cases, nor should we fail to recognize that several indepen¬ 
dent causes may operate conjointly. 

At least two rather different classes of disease, as regards re¬ 
sistance, should be differentiated on the basis of the type of 
parasitism. Certain diseases, such as the rusts, smuts, and pow¬ 
dery mildews, as well as others less well known, are caused by 
fungi which either cannot grow at all in artificial culture media 
such as we usually prepare, or if so it is only in a limited portion of 
their life history and they will not complete their life cycle under 
such conditions. These are the diseases caused by obligate para¬ 
sites. Other diseases are caused by fungi which may more or less 
readily be cultivated as saprophytes in culture media throughout 
a large portion, if not all, of their vegetative life and often their 
reproductive phases. Such fungi, which usually are saprophytic 
but may attain a parasitic life, or on the other hand usually are 
found as parasites but may be cultivated as saprophytes, are re¬ 
ferred to as facultative organisms. We should expect to find 
intermediate conditions between these two general types of dis¬ 
ease, but for clarity of vision it is often well to differentiate 
sharply the extremes of even a continuous, progressive series. 

Resistance in diseases due to obligate parasites may be quite 
different from that in diseases due to the semi-parasitic, semi- 
saprophytic fungi. The obligate parasites appear to have been 
associated with their hosts for long periods of time, resulting in 
their having become highly specialized to them. This suggests 
in turn a probability that they are rather stable in their needs and 
their life habits. If the observations of Stakman, Parker and 
Piemeisel (T8) concerning the black stem rust of wheat are to be 
taken as typical of the obligate parasites, some evidences are 
before us that there is little or no mutation of these fungi taking 
place now. On the other hand, Leonian’s studies (’29), together 
with others, indicate that the opposite is true of the wilt fungi and 
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other partial parasites. Their specialization also is less marked in 
general. Resistance to such omnivorous feeders may well be 
quite different from immunity or resistance to the highly special¬ 
ized obligate parasites. Since all organisms are somewhat plastic 
in their environment the similar effect of environment upon the 
parasitic relationship in these two classes of disease need not be 
considered as an argument against the main thought just ex¬ 
pressed. The possibility or even probability that in at least some 
diseases of the facultative-parasitic group mutations of the patho- 
gene may occur disturbs our feeling of security in obtaining re¬ 
sistant varieties by breeding. This should stimulate us to study 
the causes of resistance, thus having at hand further knowledge to 
aid us in the fight against possibly saltating parasitic qualities. 

We recognize that in some types of disease avoidance the 
causative organism is excluded so that it does not enter the so- 
called resistant variety. Thus McLean (’21) reports that in the 
Mandarin orange, which does not take the citrus canker disease, 
the stomata are so constructed that they prevent entrance of 
water and of the bacteria. When the epidermis is injured and the 
bacteria enter, the supposedly immune variety becomes diseased. 
Such mechanical conditions seem to be illustrated again in the 
maturing tomato skin (Rosenbaum and Sando, ’20). The fruit 
develops a thicker cuticle which resists more and more, either the 
puncturing of a needle or that of the germ-tube of Macrosporium 
tomato. Other kinds of disease avoidance are accomplished 
through early maturing of varieties, or the absence of insect car¬ 
riers. Hardly either of these latter types should be called true 
resistance. 

A considerable number of fairly well-authenticated cases are 
now known in which susceptibility to disease is in direct propor¬ 
tion to the general degree of loss of vegetative vigor. Thus Jones 
(’99, ’05) early reported that the late blight fungus attacks 
potatoes at the so-called “critical” period of the life of the host, 
when the greatest drain occurs upon the life processes. The re¬ 
sistance of “Little Jess” wheat to rust is reported by Weston 
(’27) as breaking down when this variety is attacked by the bunt 
fungus; and other varieties of wheat likewise become more heavily 
rusted under attack from bunt. Is resistance more common 
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among the wild than among the cultivated plants, as has been 
suggested by some, or the reverse as others have believed? 
Assuming a struggle for existence, we would expect the wild 
plants to show the greater resistance, since cultivated ones, while 
perhaps not lower in vitality, as some have supposed, have been 
selected by primitive man for other reasons than disease resistance 
and the latter quality has been more or less lost in the process. 
Natural selection has resulted in disease resistance among wild 
plants where these have come in contact with the pathogene. 
Rapidly growing, vigorous plants frequently are more subject to 
fungous attack than those of the same species which are slow 
growing. If resistance is at times due to the presence of some 
specific, toxic substance it is entirely possible that the reason for 
the ease of attack on rapidly growing specimens is because this 
characteristic toxin has not accumulated as rapidly as it can accu¬ 
mulate in slower growing individuals. Metabolic processes result¬ 
ing in characteristic biochemical products do not always proceed at 
the same pace as the growth processes which result in enlargement. 
It is not probable, however, that plants in a condition of reduced 
vitality are often less subject to invasion, although statements 
with that implication appear from time to time. These are usually 
based upon observations, often among rust diseases, which indi¬ 
cate that the hosts which are not carrying on rapid photosynthesis 
are less vigorously attacked by the pathogene. Doubtless the 
greater abundance of food in those hosts with active photosyn¬ 
thesis would account for the greater growth of the parasite. 
Practical criteria for recognition of general physiological, poten¬ 
tial vitality or vigor, as contrasted with rapid growth and active 
photosynthesis, might eliminate these cases from the field of 
resistance studies. 

The usual inability of a pathogene to infect many different 
kinds of plants need not be due to any particular “resistance’’ 
on the part of the unattacked plants, but simply to a complete 
non-relationship between them and the fungus. No doubt a 
careful survey would show that many of the fungi which are semi- 
parasitic could be induced to grow upon numerous plants not 
naturally their hosts and cause disease in these new hosts. Thus 
new relationships would become established. Massee (’25) pro- 
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duced parasitic life habits in pure saprophytes by first cultivating 
them on leaves of plants injected with sugar for several genera¬ 
tions and then finally upon the same kinds of leaves without the 
sugar injection. He also cites the case of the fungus Dendryphium 
which is a pure saprophyte, but which under exceptional condi¬ 
tions in the greenhouse was able to assume a parasitic life upon 
the cucumber and cause disease injury. Kunkel (’26), it would 
seem, has established a condition somewhat similar to induced 
parasitism in his transference of Aster yellows to many plants not 
naturally subject to the disease, and Young (’26) has made a 
similar study for several facultative parasites. 

Parasitism is a struggle between two organisms, which may be 
over-balanced by the environmental complex in one direction and 
result in death or serious injury to the host. It may similarly be 
over-balanced in the other direction either by external environ¬ 
ment or by internal conditions and result in various degrees of 
resistance; or the balance may be essentially even, in which case 
such organisms are rather well adjusted to one another and little 
injury results. Lichens may be suggested as examples of the 
balanced condition. There are all grades between the two ex¬ 
tremes. How then, since environment plays such an important 
role, may we speak of some specific quality, character, or sub¬ 
stance as “the cause” of resistance? We are all well aware that 
in animal and plant parasitic diseases certain causative organisms 
must be present before the disease occurs. We also know that in 
most cases certain environmental and internal conditions must be 
present in addition. Nevertheless we call the specific pathogene 
“the cause” of the disease. In quite a similar manner it may be 
possible to pick out of the complex of conditioning phenomena of 
resistance to a given disease, one factor without which no com¬ 
bination of external environmental factors could cause resistance. 
This would be called similarly “the cause” of resistance. This 
may be thought of as the inherent, hereditary quality analogous to 
“height” as a genetic character, which is subject to such wide 
fluctuations that an individual of one height-class may be some¬ 
what taller or shorter than some individuals of a neighboring 
height-class. The discovery of this hereditary cause of resistance 
in any specific case would not end the problem, since the relative 
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importance of the various external factors should be clearly 
estimated. This requires a physiological study of the effects of 
the disease upon the host as well as what we may call the pre¬ 
disposing causes of the disease. Jones (’26) has recently well 
outlined the necessary cooperative spirit by which rapid pro¬ 
duction of resistant varieties may take place, and such coopera¬ 
tive spirit would greatly aid in the general study of the physiology 
of plant disease. 

A considerable portion of the observations in the past upon 
resistant varieties is invalidated by our present knowledge that 
there are biological variants of the causal organisms; and that 
different environmental conditions may quite over-balance the 
hereditary factor. It will be especially necessary as an early step 
in the analysis of the general problem to determine anew under 
what definite conditions each variety is resistant. Then the bio¬ 
chemical and physiological circumstances of resistance may more 
readily be determined. Much of the contradictory evidence con¬ 
cerning the cause of resistance may be cleared away by studying 
carefully individual pure lines as regards host resistance in rela¬ 
tion to the various strains of the parasite and also in relation to the 
environmental factors affecting both host and parasite and the 
host-parasite complex. 

Where then should we concentrate our renewed attack upon 
this general problem? It appears rather probable that the ob¬ 
ligate parasites are not mutating rapidly and therefore the secur¬ 
ing of resistant varieties is somewhat of a permanent advance. 
The opposite situation is more probable with the less highly 
specialized parasites, so it would appear most desirable to begin 
with the diseases caused by this group of organisms. An added 
incentive in the same direction arises from the hope that such 
less-specialized diseases may yield their secrets somewhat more 
readily and thus form a basis for the more difficult problems of 
the obligate parasitic diseases. The greater ease of manipulating 
the infective material also favors this approach. 

The tendency of an invading organism is apparently toward 
chemical antagonism, killing of the host, and the use of the non¬ 
living organic remains. The facultative organisms often accom¬ 
plish this, while the obligate parasites fall short. Why? The 
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flecking of the highly resistant wheat plants by the invading rust 
and the death of the invading organism indicate a toxic host 
action rather than a lack of food for the fungus. A similar con¬ 
clusion appears to be true as regards the potato strains resistant 
to the wart disease. Are parasitism and resistance reciprocals? 
There has been a rather strong feeling that if it could be known 
why a fungus invades the host, we would be well toward the 
solution of resistance. Thus Massee (’25) believed that the 
presence of attractive substances in the host causes chemotropic 
stimulation of the fungus and that this accounts for parasitism. 
The lack of these attractive chemical substances would cause 
resistance. However, may not the parasitism of the rust on wheat 
be due to the presence of transitory food factors, while the re¬ 
sistance of certain varieties be due to the presence of toxic mate¬ 
rial? Massee failed to educate certain fungi to become parasites, 
yet succeeded with others, indicating possible materials in plants 
which are toxic to some fungi and not to others. Obligate para¬ 
sites may possibly require specific, labile substances in the host 
to which they have become specifically bound. This could hardly 
be true in the alternative type of disease in which the pathogene 
usually grows exceedingly well on a great variety of media. In 
this latter type, therefore, if resistance is due to a biochemical 
factor it is more likely concerned with the presence of toxic 
materials than with the absence of food factors. 

The wide distribution of certain classes of specialized products 
in the plant kingdom, many of which are toxic to fungi, suggests 
strongly that resistance may often be associated with the relative 
abundance of one or more such substances. This would accord 
well with the fact that most kinds of resistance are relative in 
amount and vary with different varieties of the same host. 
Several workers have clearly demonstrated the toxic effects of 
tannins and of certain organic acids, alkaloids, and glucosides 
upon fungi. Walker ( 29) and his co-workers (Link, Dickson 
and Walker, ’29; Angell, Walker and Link, ’30) seem to have 
definitely demonstrated that the presence of protocatechuic acid 
in the outer scales of the red and yellow onions is the cause of re¬ 
sistance of these varieties to the onion smudge disease. It is 
important then to study a definite fungus in relation to the special 
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chemical products of the hosts upon which it grows naturally or 
by artificial inoculation. It is clear that we must know much 
more of the specific compounds produced by plants rather than 
be satisfied with routine analyses for carbohydrates, total nitrogen, 
and the like. That resistance is in certain cases associated with 
chemical materials is indicated in many ways. It is reported that 
injection of malic, tartaric, and citric acids into the roots of apple 
trees made them immune to certain diseases. Apple and peach 
stocks were made resistant to Oidium farinosum and Exoascus 
deformans by the grafting in of resistant wild scions. The toxic 
action of certain plant juices to fungi of parasitic habit as de¬ 
scribed later on indicates the same conclusion. 

It is possible that in certain cases the resistant quality is 
effective against several diseases of a similar type, although 
caused by fungi of diverse relationships. Vavilov (14) cites 
Triticum monococcum as being immune to brown and yellow rusts 
and stinking smut, and resistant to the powdery mildew. Triti¬ 
cum durum and T. polonicum likewise are resistant to both brown 
and yellow rust and mildew. Conversely, diseases of different 
types may show no similarity in their lists of resistant varieties. 
Thus Italian clovers are susceptible to anthracnose and resistant 
to mildew, while some American strains are resistant to anthrac¬ 
nose and very susceptible to mildew (Monteith, ’24). 

Data on resistant varieties need very careful analysis, since 
even in the same disease and on the same host there may be two 
or more interacting causes of resistance, i. e., some physiologic, 
some morphologic, and some environmental, or combinations of 
these. Evidence of this is seen in the lack of complete agreement 
in the results from greenhouse and field experiments upon resist¬ 
ant varieties. The observation that black stem rust of wheat 
grows only in the chlorenchymatous collenchyma tissue and not 
in the sclerenchyma (Hursh, ’24), together with many other 
observations on probable chemical influences, indicates the com¬ 
plex nature of certain kinds of resistance, (lenetical studies also 
show that while some resistance apparently is due to a simple 
factor, in other cases there are multiple factors concerned. 

From some experiments reported by Vavilov (14) it appears 
probable that within the same species the cause of resistance may 
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vary with the different varieties of host in relation to the same 
disease. A Persian wheat was found immune to the powdery 
mildew, Erysiphe graminis. Other varieties of wheat are also at 
least highly resistant to the same disease, yet crosses of Persian on 
susceptible varieties gave immune F x plants, while other resistant 

varieties crossed on susceptible ones gave susceptible plants in 
the hybrid generation. 

From the examples referred to in this discussion it appears that 
when viewed as a whole the subject of disease resistance is exceed¬ 
ingly complicated. However, a careful analysis of the various 
factors involved in any given disease followed by experiments 
planned to test these, one at a time, will make it possible to 
approach closely a solution of the problem. In a similar manner 
the various fundamental physiological bases of pathological phe¬ 
nomena can be attacked and definite progress made. These 
advances can hardly be made as a mere incident to routine 

pathological studies, but must be a major project of experimen¬ 
tation. 

\\ e may summarize, as follows, the preceding discussion: 

1. A careful collation of past observations is needed, taking 
care that they shall be checked by recent results and by the re¬ 
sults in contributing fields of investigation. 

2. 1 here should be a clearer recognition of possible types of 
resistance as based upon the various types of parasitism, though 
the causes of these two phenomena may not be related. 

3. 1 he environmental effects upon disease should be analyzed 

as far as possible into the effects upon the host, upon the parasite, 
and upon the host-parasite complex. 

4. An open mind should be kept toward the probability that 
there is no general explanation for parasitism or for resistance, 
but rather a specific one for each disease which may involve 
several factors or only one. 

5. Close cooperation among biochemists, physiologists, and 
pathologists is most urgent. 

6. Special attention must be given to the individual, character¬ 
istic chemical products of each plant studied, as related to their 

toxicity to the disease-producing organisms which occur on that 
host. 
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7. The study of the fundamental problems in pathology should 
be treated as a special field of inquiry worthy of attention in its 
own right and not simply as an adjunct to the study of methods 
of combating disease. 

Considerations such as have just been discussed have led to a 
project for the study of some of the biochemical relationships of 
certain disease-producing fungi and their host plants. Some 
investigations in this field are reported in the following sections. 

II. The Glucoside Content of Flax 

During a study (Reynolds, ’26) of the nutritional relations of 
Fusarium Uni, which is the causal agent ot the wilt disease of flax, 
it was found that, extracts of flax are poisonous to this fungus. 
This toxic quality was manifest in Fermi’s medium which is a 
relatively poor one for the growth of Fusarium Uni. It also ap¬ 
peared that an extract from a strain of flax which resisted the 
parasitic attack of this fungus was more toxic than one from a 
non-resistant flax. It was suggested that the hydrocyanic gluco¬ 
side of flax might be the cause of this toxic quality since Fusarium 
lini is very sensitive to the presence of hydrocyanic acid in culture 
media (Reynolds, ’24). It seemed desirable therefore to deter¬ 
mine as accurately as possible the quantitative occurrence of this 
glucoside and to study further the toxic nature of flax. 

Numerous more or less complicated methods of estimating the 
quantity of hydrocyanic acid produced by plant materials have 
been described and tested. None of these seemed satisfactory, 
since the purposes of the estimations and the nature of the plant 
materials were different from those of the proposed study. In 
the present investigation it was desired to make use of the flax 
material, after the estimation for fungous culture studies, with 
as little change in its characteristics as possible, and hence it was 
decided to use the Roe aeration method of extraction (Roe, ’23, 
’24) modified as might become necessary. 

The best procedure followed was to grind the green or dry flax 
material, add a definite proportion of water, and let it stand over 
night. This allows time for the specific enzyme, linase (Armstrong 
and Eyre, T2; Eyre, T2), which is in the flax, to hydrolyze the 
glucoside into HCN, glucose, and acetone. In order to get a 
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thorough mixing of the plant material and a complete aeration 
during the process of extraction, a gas-tight, motor-driven stirrer 
modified from one described by Hiers (’26) was used and fitted 
into the flask containing the flax mash, as soon as possible after 
the grinding. A preliminary freezing of the green flax and grind¬ 
ing in the refrigeration room at a temperature below the freezing 
point of water further conserved the HCN by preventing enzyme 
action until the water had been added and the stirrer put in place. 
The aeration was accomplished by a slow evacuation of the stirrer- 
flask, thus pulling a stream of air through an inlet tube opening 
well below the surface of the mash, and bubbling it out into a 
train of three gas washing bottles made up with Folin’s ammonia 
tubes and containing a 5 per cent potassium hydroxide solution 
(fig. 1). The hydrocyanic acid, being very volatile, readily 
passed with the air into the hydroxide where it was changed into 
a weak potassium cyanide. Only rarely was any cyanide dis¬ 
covered in the third bottle of the train. By titrating this alkaline- 
potassium cyanide solution with a standard one hundredth molar 
silver nitrate in a manner somewhat similar to that recently re¬ 
ported by Bishop (’27), it was possible to get a very accurate 
determination of the amount of HCN caught in the hydroxide. 
For each experiment the percentage dry weight of each strain of 
flax was determined and the HCN content calculated in terms of 
the dry weight of the material used in the estimation. Numerous 
precautions and tests, unnecessary to detail here, were used in 
order to insure comparable results in the same experiment. While 
not all of the glucoside present in the flax could be determined in 
the HCN thus evolved, estimations run directly in comparison 
with one another under identical conditions and upon identical 

materials (Fxps. 69 & 70) showed that such a method gave ex¬ 
cellent checks. 

Seven different strains of flax supplied by Professor H. L. 
Bolley of the North Dakota Agricultural Experiment Station and 
selected by him for different degrees of resistance to the flax wilt 
disease were used. Professor Bolley’s designation of the relative 
resistance of these seven strains of flax is as follows: 

1— NDR 114—Very resistant. 

2— NDR 119 (Buda)—Very resistant. 
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Fig. 1. Key to symbols. 

A—One liter, or 500-cc., wide-mouth, side-neck, pyrex flask, with ground flax material 

in water. 

B—Heavy-walled, glass tubing, 7 mm. o. d., bent into a paddle and with the bore 

left open at both ends. Air enters at the top. 

C—Bearing tubes of 8 mm. i. d. with heavy grease as lubricant. 

D, D', D"—Rubber stoppers, # 7 or § 8, # 0, and % 3 or # 4, respectively. 

E— 1 Tube 23 mm. by 140 mm. Ix>wer end buried in D. 

F—Mercury seal. J—Wooden or cork pulley. 

G—Tube 16 mm. by 80 mm. K-—Cylinders with 5 per cent KOH solution. 

H—Loose metal washer. L—Folin ammonia absorption tubes. 

I—Heavy-walled rubber tubing. M—Attachment for suction. 
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3— L-79—Good resistance. 

4— Cross—Breaking up—Fair wilt resistance. 

5— Cross—Fairly good resistance. 

6— N.D. 155—Tall fiber—large seed. No resistance on our sick 

plots. 

7— N.D. 1215—No resistance under our conditions. 

Different ages of flax and different environmental conditions of 

growth were also tested in an effort to determine their effects 
upon the amount of glucoside produced. The HCN in whole 
plants and in roots and shoots separated was also determined. 
In all, 66 separate estimations were carried out, besides a con¬ 
siderable number of preliminary and partial tests. The numerical 
data for all these determinations are given in table i. The per¬ 
centage of HCN is calculated on the basis of the dry weight of the 
flax material. From .2 to .3 per cent HCN, corresponding to 
about 2 to 3 per cent glucoside, is a very high content, while about 
1 per cent glucoside is a normally high content . Less than .1 per 
cent glucoside is a very low quantity for this series of experiments, 
except in fully matured flax which has almost none. 

The following table gives a series of analyses made in England 
by Dunstan, Henry and Auld ( 06), which illustrates the usual rise 
and fall of glucoside content in the flax plant from seed to seed. 
These are minimum quantities, since the method of analysis does 
not fully conserve the hydrocyanic acid present in the plants, and 
there are evidences from the experiments reported in the present 
paper that the glucoside content of some of the strains tested is 
considerably higher than shown in table ii. 

Since the experiments reported here were often designed to 
test the effect of age, environmental conditions, and various 
methods of determining the cyanogen content, it is evident that in 
most cases the numerical data from different experiments are not 
directly comparable. Two or more strains of flax, listed under the 
same experiment number and of the same age, were generally 
handled in a similar fashion and the data are usually comparable. 
It appears from a consideration of all this data that the quantity 
of HCN which can be evolved from the plant material is strongly 
influenced by the environmental conditions which have sur¬ 
rounded the growing plants and that a change of such conditions 














[Vol. 18 


70 


ANNALS OF THE MISSOURI BOTANICAL GARDEN 


W 

CQ 

< 

H 


GO 

fc 

o 


£ 


05 

W 

Eh 

W 

Q 

O 

a 

c 

>< 

a 

< 

S 

s 

a 

GO 


CO 

0 


o 

£ 


c 

1 

£ 

C 

*3 


CO 

X 

c3 

©: 


o 

a 


c 

03 

a 

u 

c 

PH 


o 

o 


~C 

03 

u, 

C 


► 


o 

u 


s s 

o o 
o o 


bp 

xxx*t?xxxx 


x 

a; 



o 

o 

OU 


o 

c 



c3 


c a o £ 

c3 cj 33 k 


c c c c — 

cS el eS c3 i 


tc 


© CL © © C C 


33 


O 

o 


cc_0)^ 

o o 


5 K 


^ w c -C ^ ^ 

Q ^ CT 

tc 


c 

o c c "c 


ci el 


03 03 

£ C 

c c 

OO 


*- u 

-v 53 o3 

«= 

a)"- a c ;© 

c^ HH ^ 

93 J, C 
coCq . . c3 

e ~ 2 x 

5 8 £ o c 
2 o' 3 o o 
foHxKO 


bjr 

S 


tx 

’S . 

° 00 

CM 

iO 


— ► o 

- O W 
b£ 33 3 

G C 


g 

9 

o 


02 

03 

9 

c 


03 03 
03 03 

9 3 

c o 


j ~: 

c3 


t£— 



b 

cl d 

.2 S 
•3: 

M 

O 


a 

o 


03 


3 c 
bf «s 
C 

H x 

^ £ 

O 

O 


« ft5 , aS , t& 

- £ ? S F B G 

tt § 3 £ S § § 


M ^ 

. 3_T OO 
'— 1 


03 


X 


0. 


i 


I 


I H I r« * I 

b© ^ bfi {£ t> 

9~ 9~ 9 9 


03 

03 


03 

03 


O 


o o 


■ as 

£ 73 

5 CM 

— 

a 2 
o©; 

Q2h 


93 a3 

^ t-> 

c 

03 




— 

= 



i| 

S3 

X.K 




CM h- 


CM CO 


© 


03 


CO 

CO 


cO 


CO -f 
CO © 


'03 


lO 


X 




CM 


CO 


iO 

r- 


iO 00 


03 

>o 


<M 


co 

** 

^ 03 

IQ 


CM 

X X 

iQ 

© © 

00 

X 

IQ © 

© © 

© 

© © 

© 

© 

X © 


00 


Ol 


03 

b£ 


7. 

^ . 
^JS 

fc: 

CCN 


X 

q6 03 O3>O3O:O3O3O3O3 

OOGOOCiOCOCOCOCOCMCM 


X 


© 

X *Q 


CM 

• 

CM -h 

• « 


m 

X 

X 

X 

1J 

>> 

f^4 

— c 

c3 

cj 


T3 

T3 


IQ 

»Q 


CO 


Ol 
CM CM 


X 


X X 

lb 


03 

X5 

»o 


x cn «3 x > < x 
^ ^ ^ ^ ^ ^ 

fe ^ & 

cc x oo oc co co 


x 

JX 


X 


XXX 

^■< r^> ^ 

oj c3 o3 
73^0 73 


CO CO CO CO IQ 


X 
03 

bcjz: 

Kir 


SC^I 

__ . 



X 

bC 

C 


CO 00 CO CO ' r f \<N oc 

\CM\kl' ^4\(N \(L \kl CO Tf 1 1-H \W^H 'Tl 

^ ^ ^ I T I «H\ I 03 

iOt'QCir»OWrcOWONO^ 


CO cO 01 
CO ^ r 


Ol 

1 -H r-H \^ C: 4^ 

j i I i — i *£> 

o c n oo x o 


Hft »-H Tt^ 


\CM 

Pk 




X 

s3 O 
pH ^ 

¥ 


TfCMCOi-HCOiQCOCMCMCOCO 


CM 


CO CO CO (N CM 


CM 


CO CM CO CM 


03 
CM CO 


co © CM CM CM CM CO CO 

COCOCO’^^’T'rfT^'TtiT^iQ 



© 


CM 

© 


Ol 

© 


** © © 00 00 05 
© © © © © © © 


t- 


CO TfH iO 






















1931) 


NOLDS—THE 


71 




£ 


£ 

8 


W 

M 

PQ 

<3 

H 


c 

1 

£ 

£ 

cj 

t- 


03 

'32 



o 

K 


G 

a> 

o 

Lh 

03 

Ph 


CO 

o 


o 

£ 


be 

< 


ffi 

o 

M 


03 

>> 

cj 

T3 

CM 


C 

g 

9 

TC 

o> 

fc- 

a> 


03 

£ 

cj 

u 


CM 


a> 

b£ 

03 

t- 

O 


i 

"0 

c 


s£ tC 


>> 



03 

03 


b£ 

2 


oj 


be 

c 


G 


o 


CO 03 

£ ^ 

<g c?* 

X Ph »0 


oj 

t- 

03 


C 

bC 

i 


X 


03 

03 03 

S 

E S 


cj oj 

• 

S~ t-H 

*"T 

1 1 

2 

22 

2 

22 


03 03 

£ 

£ £ 


£ 

O 


>> 


cj 

03 


wm o 

o2 CZ 
C 03 


03 


GO 

te 

£ 

E 

£ 


03 

03 

o 

03 


Q 


03 

03 

c 

PL, 


- 

.243 

.20 


r— 

CM 

° 

• [ 

SO 

.089 

.06 

.011 

.056 

.078 

.012 

to 

SO 

o 

4 I 


.ii 

.13 

.073 

.029 

X 

.009 

.01 

CM 

.31 

.051 

.19 

.053 

.18 

.063 

.0083 

.01 

.094 

- 

.08 

.034 

Trace 

.015 

.066 

.019 

.017 

.006 

.11 


03 


GO 

• 

03 

03 

t 

• 

GO 

GO ^ 

r^i 

2 

GO 

^2 

>; 

Cj 

1 >1 
cj 

GO 

G0 

oj 

>> £ 
cj _ 

o 


~C 



& 

"O 

~c X 

to 

CO 

SO 

o 

X 

X 

03 

o r- 



r—( 




T—( 

X 


GO 03 


03 03 03 03 03 
^ ^ ^ ^ 

£ £ 5$ £ £ 


03 GO 
£ £ 


03 

• >> . 
02 Cj CO 

^ JA 

% % 
CM 


to x ^ ^ so so to »on _ r>. 


03 

• 03 ^ 
00 >, £ 

5*2 J 

CM CM *0 


03 

bej* 
2 g 

ffi-5 


03 

bC 

C 

E5 

GO 


\C4' ^ 

^ Tt< CM 

\M\krH QO \<Nvta 

I I ~ 

x x x 



to CO CO IO 

tO CM to 

4^^CO<icOCMCM^CO 

CM 


03 03 

be bC 
£ £ 


so so ^ x E. E X<N 

XT^^tOtOSOSOSO 03 03 CM CO *0 

a5~ 


x • 

03 O 


CM 


^ SO CM CJ SO ^ Tt« CM iO 




SO 


o3 

rt< CM 


CO ^h CO 


oj c3 oj 
CO CM SO CM 


o3 


g-6 


w 


so 


o cm 

X 



CO lO 
X X 


X C3 C3 


o 

03 



^ X <03 CM X ^ 


tO 

CM 


X SO to 
CM X ^ 


Note:—Nos. la and 2a a different year’s production of seed; No. 11 a highly resistant selection from No. 

































72 


ANNALS OF THE MISSOURI BOTANICAL GARDEN 


[VOL. 18 


TABLE II 

THE GENERAL COURSE OF HCN CONTENT OF FLAX THROUGHOUT THE 

LIFE OF THE PLANT 


Height of flax 
plant in inches 

Per cent 

HCN found 

Per cent glucoside 
calculated 

Seed. 

0.008 

0.07 

1-1.5. 

.15 

1.4 

2-3. 

.17 

1.5 

3-4. 

.15 

1.4 

4-5. 

.13 

| 1.2 

5-6. 

.10 

0.9 

6-7. 

.10 

0.9 

8-9. 

.08 

0.7 

12-15. 

.07 ! 

0.6 

15-18. 

.03 i 

0.3 

18. 

0.009 

0.08 

18. 

None 

None 


for even a day or so may influence this quantitative characteristic 
immediately (Exps. 112 and 113). Willaman and West (16) 
noted some climatic effect, on the production of HCN by sorghum, 
although they were inclined to believe that varietal constitution 
caused greater modifications than did climatic differences. 
Pinckney ( 24), however, was convinced that HCN was increased 
in direct proportion to the increase of nitrate fertilizer on a low 
nitrate field, and that yellowish sorghum produced little if any 
HCN when the green plants contained a good supply. 

While in general young flax runs high in hydrocyanic glucoside 
and old flax low, yet it appears that neither age nor height as such 
are proper indicators of the probable HCN production. The con¬ 
dition which seems to influence this quantitative factor is the 
number of actively functioning cells. Thus plants of the same 
age, but of different physiologic vigor, may develop nearly eight 
times as much HCN in the normal healthy specimens as in yellow 
retarded ones (Exp. 108). Experiments 43 and 62, although 
originally intended to be duplicates, carried on in the constant- 
light room, do not show the same quantities of HCN. In the 
latter experiment, due to the crowded condition of the room, the 
flax flats were irregularly and inadequately watered. The re¬ 
sulting plants, although of equal age, were very unequal in size 
and vigor of growth. The amounts of HCN in both strains were 
noticeably less than in Experiment 43 in which the growth was 
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uniform and normal. In the examples cited the irregular watering 
of the flats seemed to be the factor which largely determined the 
relative vigor of the plants. The upper two to four inches of flax 
eleven weeks old, which was in vigorous physiologic condition, 
gave a high quantity of HCN hardly equalled even by very young 
flax (Exp. 60). Thus it would appear that the reason the per¬ 
centage of HCN in flax shows a steady decrease from a maximum 
at 2-4 inches high is because a continually decreasing proportion 
of the plant is composed of actively functioning cells. 

Temperature variations of medium range did not seem to 
modify the glucoside content (Exp. 64 and 66). The use of the 
constant-light room did not seem to cause any special change in 
the quantity either, although the life cycle was greatly shortened 
so that seed was matured in about half the usual time. The 
shoots of flax seedlings may contain five times as much glucoside 
as the roots (Exps. 75 and 76), while in older plants there is a 
smaller difference (Exp. 31), due mainly perhaps to the drop in 
the percentage in the shoot. In the older plants it is very difficult 
to get the smaller and hence physiologically more active roots for 
a quantitative determination, so that it is not known at present 
how much glucoside is in the whole root system. It is interesting 
to note that while fully mature flax seed contains very little, if any, 
glucoside which may be converted into HCN, five-day-old seed¬ 
lings, which had developed in the dark, had the highest percent¬ 
age of the acid which was found in this series of experiments 

(Exps. 61, 75, and 76). 

The flax strains numbered 1, 2, 3 and 4 are, in the main, 
strongly resistant to the wilt disease, while No. 5 is intermediate 
and Nos. 6 and 7 are only slightly, if at all, resistant, as determined 
through field tests by Professor Bolley. Although in many of the 
analyses the more resistant varieties ran high in glucoside content 
and the less resistant ones low (table iii) not enough data were 
gathered to prove definitely a correlation (Exps. 42, 77, 85, etc.). 
It may be noted from table iii that the 2-6 pair, which in four 
out of seven tests showed a greater amount of HCN in the sus¬ 
ceptible flax than in the resistant, accounts for four out of the 
nine cases in which this same relationship is seen. Under most 
conditions the No. 6 flax seems to produce more HCN than No. 2. 
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It may lie that it lias more glucoside or that under certain cir¬ 
cumstances it produces a larger amount of linase, or a more active 
enzyme. Strain 4 consistently developed a high quantity of HCN 
for the conditions under which it was growing and constitutes the 
other apparent exception to a correlation between strong resist¬ 
ance and high glucoside content. However, Professor Bolley’s 
characterization of its degree of resistance indicates that it is 
rather likely to be exceptional. 

TABLE III 

PAIRS OF FLAX VARIETIES COMPARED AS TO RELATIVE QUANTITIES OF 

HCN. R = MORE RESISTANT MEMBER OF PAIR; 

S = MORE SUSCEPTIBLE 


Exp. No. 

Pairs of 

R more 

S more HCN 

A 

varieties 

IICN than S 

than R 

1 

| | 

5-6 

* 




2-3 

♦ 


42 


2 6 

3 6 

* 

* 




3-5 


* 



, 2-5 

* 


43 

2-6 


♦ 

62 

2-6 

* 


68 

1-2 ! 


* 

74 | 

2-6 


* 

77 

4-6 

* 


82 i 

i 2-6 ! 


* 

83 

1 1-4 


* 

85 

| 2-5 

* 


91 

1-6 

♦ 


99 

1-6 

* 


100.104 

1-4 


♦ 

112 

1-3 I 

* 


113 

1-3 | 


* 

114 

2-6 ] 


♦ 

125 

2-6 

* 



It is evident from Broadfoot’s work (’26) that each of the differ¬ 
ent strains of flax is resistant to the different strains of Fusarium 
Uni in different degrees. Because of these considerations and of 
the variety of conditions surrounding the plants and the ease 
with which the glucoside content may change we must conclude 
that the lack of an evident, exact correlation does not disprove a 
possible causal relationship between resistance and glucoside pro¬ 
duction. Many more determinations of the glucoside and of the 
changes in amounts of linase in flax must lie made before a clear 
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picture of the distribution and significance of HCN can be drawn. 
Such a study is planned for the near future. 

While it had been determined formerly (Reynolds, ’24) that 
potassium cyanide inhibits the growth of Fusarium lini on agar 
plates at a concentration of about .03M it was thought best to 
test the effect of cyanide in liquid cultures. The following 
experiment (No. 15) was made: A solution of hydrocyanic acid 
was prepared so that 5.2 cc. in a 50-cc. culture would give a .03M 
concentration of HCN. The standard culture medium described 
in the third section of the paper was used and a series of cultures 
made as indicated in table iv. Some of these were inoculated 
with No. 2 Fusarium lini and some with No. 7 Fusarium lini. 
The former was one of Broadfoot’s (’2G) most virulent flax para¬ 
sites and the latter one of the least parasitic of his group. The 
cultures in the Florence flasks (F) were sealed with paraffin to 


TABLE IV 

EFFECT OF CYANIDE IN LIQUID CULTURES 


F. lini 
culture 

Amount of 
HCN sol. 
(cc.) 

Style of 
flask 

ft 2 

0.2 

F 

ft 7 

0.2 

1 F 

ft 2 

1.0 

F 

ft 7 

1.0 

F 

ft 2 

5.2 

F 

ft 7 

5.2 

F 

ft 2 

1.0 

E 

ft 7 

1.0 

E 

ft 2 

5.20 

E 

ft 7 , 

5.20 

E 

ft 2 

None 

E 

ft 2 

None 

F 

ft 7 i 

None 

F 

ft 7 

None 

E 


Average growth in milligrams 

of dry weight at 


15° C. 

20° C. 

27° C. 

*3-(4) 

3—188.8 

3—122.0 

3 229.7 

3—347.6 

3—233.9 

3—(6) 

3 143.3 

3— 90.0 

3—(1) 

3—188.7 

3-(2) 

2—none 

2—none 

3—none 

1—none 

3—none 

3—none 

2—(5) 

2— 48.0 

2 75.1 

1 —T race 

2—222.3 

2 300.7 

2—none 

2—(7) 

2— 36.6 

2—none 

2—(7) 

2—(3) 

2 343.4 

3 220.7 

3—222.9 

3 266.1 

2 260.2 

2 89.9 


* The number preceding the dash indicates the number of cultures in the set. A 
number in parentheses refers to the following notes. 

Notes: 

(1) Two with possibly a trace of growth, and third no growth. 

(2) One with undetermined amount of growth; one, trace; one, none. 

(3) One culture, 31.4 mg.; one, trace. 

(4) One culture, 33.9 mg.; one, 7 mg.; one with undetermined amount. 

(5) One culture, 30.3 mg.; one, trace around inoculum. 

(6) One culture, 21.4 mg.; two, undetermined amounts. 

(7) One culture, trace; one, none. 
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prevent, as far as possible, the escape of HON. The Erlenmeyer 
flasks (E) were closed only with cotton plugs. 

It will be seen from the results tabulated that the greatest con¬ 
centration of HCN is practically always completely inhibitive 
except at the higher temperatures in the non-sealed flasks. The 
irregular results here indicate that enough of the HCN was lost 
by diffusion into the air to reduce slightly the toxic quality. 
This is indicated somewhat also by the observation that nearly 
all of the HCN flasks in the 27° C. incubator which showed growth 
were on the lower shelf nearest the heating unit. It appears that 
the fungus was less resistant to the toxic effect of the HCN at 
15° C. than at 20° C., as one would expect from the fact that the 
former temperature is not as favorable for this species as the 
latter. The irregular numerical results, especially of the higher 
concentrations, are characteristic of cultures which are near the 
inhibitive, toxic concentration of poisons. The No. 2 strain of 
F. lini is a less vigorous grower in this standard medium than the 
No. 7 strain, but it would seem that there is little difference be¬ 
tween the two under the action of the HCN in culture. 

The results of the analyses given in table i show that in the 
older flax roots the proportion of HCN to dry weight is much 
lower than in the shoot. However, they also indicate that in 
young roots, as found in seedlings, the percentage of HCN may 
rise to a considerable amount. It is stated by Armstrong and 
Armstrong (TO) that the entrance of certain substances into a 
plant which has a cyanogenetic glucoside causes a “cumulative” 
change, so that a very small portion of the substance produces a 
large relative production of HCN. If this is true it is entirely 


conceivable that the entrance of a fungus might likewise stimulate 
a concentration of the glucoside at the point of attack. Hence the 
normal concentration of HCN, as determined by analyses such 
as reported here, does not necessarily have to indicate a toxic con¬ 
centration in order to account for resistance. 

While the various experimental evidences and the considera¬ 
tions just discussed do not give positive proof either for or against 
the causal relationship between the presence of the cyanophoric 
glucoside in flax and a certain varietal resistance to the wilt 
disease, yet it would seem that at least a part of the resistant 
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quality may be attributed to this chemical condition. In view, 
however, of the experiments reported in the third section of this 
paper it is probable that other toxic conditions exist in flax 
which may also be related to resistance. 

III. Flax Extracts Toxic to Fungi 

Although it had been demonstrated that under certain condi¬ 
tions flax extracts retarded the growth of Fusarium Uni in culture 
(Reynolds, ’24), it was desired to determine what concentration, 
if any, might prevent the growth of the fungus. Furthermore, as 
stated in the foregoing section, it was desired to study the effect 
of the cyanide content of flax upon the fungous growth. Hence 
water extracts of both fresh and dried flax were tested as regards 
toxicity to Fusarium lini. These extracts were made by grinding 
the flax and steeping it in water, usually over night. Various 
methods of filtering and the effects of these upon the toxic quality 
of the extracts were tested. None of these methods used pre¬ 
vented the characteristic toxic effects. To the filtered liquid 
w r ere added salts and glucose in the same proportions as used in 
the standard check medium (A) throughout this study. The 
formula for this was water 1000 cc., magnesium sulphate 2 
grams, later reduced to 1 gram, calcium acid phosphate 1 gram, 
potassium nitrate 10 grams, and dextrose 20 grams. A portion of 
each flax extract thus provided with standard quantities of 
nutrients was autoclaved at 15-20 pounds pressure for twenty 
minutes; and a corresponding portion filtered through bacterio¬ 
logical filters. At first the Berkefeld and Mandler filter cylinders 
were used, but the Seitz filter was later adopted for speed and 
convenience. Sterilized pipettes and culture chambers provided 
means of transferring the sterilized medium when necessary. 

Through the kindness of Dr. E. C. Stakman seven of the strains 
of Fusarium lini with which Broadfoot (’26) carried on his 
experiments were made available. These were kept in culture and 
used during the course of the work. They were numbered from 
2 to 8 approximately in their general decreasing order of patho¬ 
genicity, although it is clear that when several strains of flax are 
tested the flax strains and those of the fungus can not be arranged 
in a simple series in relation to one another. Those having the 
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higher numbers, especially 7 and 8, grew more abundantly in 
culture media than those having the lower numbers. Many 
hundreds of cultures were made and the dry weight of growth 
produced in fourteen days was determined. In nearly all cases 
identical triplicate cultures were run and averaged for the dry 
weights, (’hecks on the standard medium were carried with 
each set of new inoculations. Flax extracts were made from 
nearly all of the flax varieties and conditions of growth which 
were tested for hydrocyanic acid as reported in the preceding 
section. At the same time that each strain of flax was being 
tested for HCN content, culture series were run, using both fresh 
extracts and the extract which had been aerated and hence de¬ 
prived of most of the HCN. The percentage diy weight of each 
sample of flax was determined before it was used in the HCN and 
culture studies. This was necessary since different ages and con¬ 
ditions of growth were being tested. In the course of the aeration 
process foaming sometimes took place, and at different times 
diphenyl ether, amyl alcohol, and caprylic alcohol were used to 
break the foam. Each of these was tested a number of times in 
different ways as to its effect on the quantity of growth of the 
fungus. Neither amyl alcohol nor diphenyl ether showed any 
repressive effect on the fungus and the very dilute quantities used 
did not stimulate growth. Oaprylic alcohol proved to be extreme¬ 
ly toxic so that one or two drops in a 50-cc. culture prevented 
growth completely. 

In table v a summary of a considerable number of repre¬ 
sentative experiments is given. The standard concentration of 
flax extract was 9 parts water to 1 part dry weight of flax. From 
.2 to .3 of a gram was the usual dry weight of mycelium produced 
in the standard check medium A. It was soon evident that 
dilute flax extracts, that, is, below one-half standard strength 
prepared as stated above, usually stimulated the growth of this 
Fusarium. f rom .3 to .5 of a gram of growth was usual and the 
higher the concentration of flax extract, up to certain limits, the 
greater was the mycelial growth. This favorable effect of the 
flax medium can probably be ascribed to the added nutritive 
materials from the flax. Fresh, green flax and dry flax powder 
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TABLE V 

RESULTS OF CULTIVATION OF F. LINI IN FLAX EXTRACTS 


Exp. 

No. 

Flax No. and 
height in 
inches 

Concentra¬ 

tion 

Filtered (F) 
Autoclaved 

(A) 

Previous 

treatment 

Result 

Remarks 

B 0 1 

0 6—3H 

1 

A 

Powdered 

O 

Shoot* 

B 0 1 

0 6—3 Yl 

1/4-1/2 

A 

Powdered 

< 

Shoot 

B 0 1 

# 6—33^ 

1/2-1 

F 

Powdered 

O 

Shoot 

B 0 1 

0 6—3 y 2 

1/4—1/2 

F 

Powdered 

<s 

Shoot 

B 0 2 

# 2 a— 23 ^ 

1/4-1 

A 

Powdered 

< 

Entire 

B 0 2 

# 2a 

1/4-1 

F 

Powdered 

< 

Entire 

B 0 3 

07—7 

1/4-1 

A 

Powdered 

i < 

Entire 

B 0 3 

0 7—7 

5/12-1 

F 

Powdered 

0 

Entire 

B 0 3 

07—7 

1/4—1/3 

F ' 

Pow'dered 

G 

Entire 

B 0 4 

I-# 5—12 

1/4-1 

! A i 

Pow'dered 

G 

Leaves 

B 0 5 

# 5—12 

1/4-1 

1 A 

Powdered 

G 

Stems 

B 0 6 

0 11—6 

1 

A 

Powdered 

O 

Leaves 

B 0 6 

011—6 

1/4—1/2 

A 

Powdered 

G 

Leaves 

B 0 6 

011—6 

1/4-1 

F. A. 

Powdered 

G 

Leaves 

B 0 7 

# 11—6 

1/4-1 ! 

F. a. 

Powdered 

G 

Stems 

17 

022 

00 

F 

Powdered 

G> 

Roots 

18 

0 3—6 

1/3 

F 

Pow'dered 

G 

Roots 

22 

0 5—8 

1/4 

F. A. 

Aerated 

G 

Shoot 

22 

# 5—8 

1/20 

F. A. 

Aerated 

G> 

Shoot 

22 

0 6—7 

1/3 

F 


I 0 

Shoot 

22 

0 6—7 

1/3 

A 


G 

Shoot 

22 

0 6—7 

1/12 

F 


G 

Shoot 

22 

0 6—7 

1/12 

A 


G> 

Shoot 

30 

01 

1/8 

F 

Aerated 

G 

Shoot 

35 

0 7 

1/10 

F 

Aerated 

G 

Shoot 

36 

04—6 

1/8 

F. A. 

Aerated 

G 

Whole 

38 

0 6—6 

1/20 

F i 

Aerated 

G 

Less than in 







Exp. 36 

39 

0 2—8 

1/16 

F. A. 

Aerated 

G 


41 

0 1 — 2)4, 

1/14 

F. A. 

Aerated 

G 


53 

0 6 

1/7 & 1/28 

F I 


G 

Fresh, green 

54 

0 2 

1/7 & 1 /28 

F. A. 

Aerated 

G 

Fresh, green 

54 

0 6 

1/6 & 1/24 

F. A. 

Aerated 

G 

Fresh, green 

58 

0 3—7K 

1/10-1/40 

F I 


1 G-M 

Fresh, green 

58 

0 3 10 

1/15-1/60 

F 


G-M 

Fresh, green 

63 

0 6—10 

1/10-1/20 

F. A. 


G > 

Fresh, green 

65 

0 2—10 

1/8-1/16 

F. A. 


G > 

Fresh, green 

67 

0 1 & 2—8 

1/17 

F. A. 


G 

Fresh, green 

71 

0 7—4 

1/14 

F. A. 


G-M-S 

Fresh, green 

72 

0 3 4 

1/10-1/20 

F. A. 


G 

Fresh, green 

78 

0 4 & 6—4 

1/16-1/32 

F. A. 


G 

Fresh, green 

80 

0 2—4 

1/10-1/20 

F. A. 


G 

Fresh, green 

81 

02 & 7 

2,1, 1/2 

F. A. 


O-G 

Fresh, green 

84 

# 1 & 4—1 \'2 

1/5 

F. A. 


G 

Fresh, green 

86 

0 2 & 5—5 

1/4 

F. A. 


G 

Fresh, green 

88 

0 1—3 & 20 


F. A. 


G 

Fresh, green 

92 

0 1 & 6—3 

1/4 & 1/7 

F 


G 1 

Fresh, green 

95 

0 2&7 

2, 1 , 1/2 

F. A. 


O 


98 

# 1 & 6 — 4 

1/3-1/6 

F. A. 


G 

Fresh, green 

101 

0 7—10 

2/3-1/3 

F. A. 


G > 

Roots & 







shoots 







separate 
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TABLE V ( continued) 


Exp. 

No. 

Flax No. and 
height in 
inches 

Concenl ra¬ 
tion 

Filtered (F) 
Autoclaved 

(A) 

Previous 

treatment 

Result 

Remarks 

117 

H 11—10 

1 

F 


G 

Dry roots 
only 

121 

n 4— 

1 

F 


0 

Dried flax 
powder 

123 

n la—3 

1 ! 

F 


0 

Fresh, green 
flax 

127 

U 4— 

1 

F 


O 

Dry, pow¬ 
dered 


*—Unless definitely stated the extract was made from powdered flax. 

M—About equal to growth on Med. A. 

O—No growth of fungus developed. 

S—Small growth, less than on checks in Med. A. 

G—Good growth, distinctly better than checks on Med. A. 

>—Weight of fungus decreasing with dilution of extract. 

00—Diluted 50-100 times. 

<—Weight of fungus increasing with dilution of extract. 

have both been used in preparing these extracts, as illustrated in 
the following tabulations of results from a few experiments. 


Experiment 71—73.2 gins. # 7 fresh green flax to 1000 cc. water 



Filtered , 

Autoclaved 

# 2 F. lini 

#7 F. lini 

# 2 F. lini 

% 7 F. lini 

Full str. extr. 

. 2975 

.3707 

.2160 

.3619 

Half str. extr. 

. 2286 

. 2354 

.2716 

| .3482 

Checks # 71 #72 

.2442 

. 2885 




Experiment 72—100.5 gms. # 3 fresh green flax to 1000 cc. water 


Full str. extr. 

.3147 

.3931 

.2977 

.3697 

Half str. extr. 

(.0705)* 

(.1046) 

(.0535) 

(.0812) 

. 2782 

. 3323 

.2814 

t .3302 


(.0340) 

(.0438) 

(.0372) 

(.0417) 


* The numbers in parentheses show increase in growth in flax extract over the 
growth in the check medium. 


Experiment 78—01.45 gms. # 4 fresh green flax to 1000 cc. w r ater 


Full str. extr. 

.2832 

.3160 

. 2569 

.3079 

Half str. extr. 

.2687 

.3043 

. 2579 

.2905 
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77.14 gms. % 6 fresh green flax to 1000 cc. water 


Full str. extr. 

.3045 

.3323 

. 2973 

.3318 

Half str. extr. 

.2704 

.2871* 

. 2665 

.3017 

Checks 

.2179 

.2218 




* Had been contaminated and refiltered before inoculation. 


Experiment 80—94 gms. H 2 fresh green flax to 1000 cc. water 


Full str. extr. 

. 2771 

.3033 

. 2850 

.3048 

Half str. extr. 

. 2973 

.2623 

.2799 

.2817 

Checks 

.2179 

.2218 



Experiment 81—102.0479 gms. air-dry H 2 flax powder to 500 cc. water. 102.2809 

gms. air-dry # 7 flax powder to 500 cc. water. * 7 F. lini used 



H 2 Flax 

H 7 Flax 

H 2 Flax 

% 7 Flax 

Full str. 

.0000 

.0000 

.0000 i 

.0000 

Half str. 

.0000 

.0000 

.0000 

.0000 

Quarter str. 

.5013 

.5149 

. 5041 

.5156 

Checks 

.2409 





The first four experiments tabulated are typical of many which 
were carried concurrently with those in which the determinations 
of cyanide content were made. It will be noted that # 2 F. lini 
consistently produced less growth than # 7 on all flax extracts 
and the check medium. In Experiment 72 a difference in growth 
between the check cultures and the flax extract cultures shows 
that the # 2 F. lini made less increase of growth than did # 7 
F . lini. This would indicate that the former strain can make less 
use of the added nutritives from the flax or else is retarded more 
by the flax extract than the latter. It seems that the first al¬ 
ternative is more probable since the #2 F. lini does not make as 
good use of the nutritives in the check medium as does % 7, and 
at these concentrations of flax extract a retarding action is not 
evident. Autoclaving seems to have little effect in changing the 
nutritive qualities of the flax media at these concentrations, for 
the differences between the growth in the autoclaved and the 
filtered media are neither great nor regular. In Experiment 80, 
since there is more flax per liter than in Experiments 71 and 78, 























[Vol. 18 

82 ANNALS OF THE MISSOURI BOTANICAL GARDEN 

we should expect a larger fungous growth. However, in the main 
this is not true. It is possible that a slight toxic effect is ex¬ 
hibited here, but certainly the figures are not clearly significant. 
Experiment 81, however, exhibits a clear case of toxicity for the 
half- and full-strength flax cultures and as clearly indicates that 
the quarter strength is more than twice as effective as the check 
medium in producing growth. This latter concentration cor¬ 
responds with the half-standard strength. The juice expressed 
from fresh flax, when used as above without dilution, also pre¬ 
vented growth of the fungus. In different varieties of flax it was 
found that various concentrations prevented the growth of F. lini. 
It was necessary therefore to attempt to determine the minimum 
concentration of flax extracts of different varieties which would 

just prevent growth of the fungus. 

Experiment 147 will illustrate the procedure. Dry flax powder 
( # 3 flax), weighing 25.34 gms., was steeped with 100 cc. of dis¬ 
tilled water for two days. The liquid was pressed out and more 
water added with successive pressings until 250 cc. of flax extract 
had been obtained. Since a small meat press was used some 
water was left in the flax material and the total water added was 
somewhat more than the 90 per cent, which has been used as the 
arbitrary standard. The salts and glucose were dissolved in the 
standard proportions and the medium was then filtered through 
the Seitz bacteriological filter. With sterile, graduated pipettes a 
series of cultures was made as follows, and designated ‘“Series 
A”:—Three tubes of Check Medium A, marked 0; three tubes 
of full-strength extract, marked 1; three tubes with 9 cc. of ex¬ 
tract, and 3 cc. of Medium A, marked ?4; three tubes with 6 cc. 
of extract and 6 cc. of Medium A, marked \ j; and three tubes with 
3 cc. of extract and 9 cc. of Medium A, marked t hese were 
left several days in the incubator to test for freedom from con¬ 
tamination and then inoculated with # 7 Fusarium lini. Six 
days after inoculation there was no growth except in the checks 
(0). At this time one set, from 0~H, was reinoculated and desig¬ 
nated as X. A second set was filtered into fresh tubes, autoclaved, 
inoculated, and designated Y. A set Z, made up as follows from 
the third tube of full-strength flax extract of the original set A, 
was autoclaved and inoculated:— 
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(1) 2.0 cc. of full-str. extract and 8.0 cc. of Medium A 

(2) 1.5 cc. of full-str. extract and 8.5 cc. of Medium A 

(3) 1.0 cc. of full-str. extract and 9.0 cc. of Medium A 

(4) 0.8 cc. of full-str. extract and 9.2 cc. of Medium A 

(5) 0.6 cc. of full-str. extract and 9.4 cc. of Medium A 

(6) 0.4 cc. of full-str. extract and 9.6 cc. of Medium A 

(7) 0.3 cc. of full-str. extract and 9.7 cc. of Medium A 

(8) 0.2 cc. of full-str. extract and 9.8 cc. of Medium A 

(9) 0.1 cc. of full-str. extract and 9.9 cc. of Medium A 

Nine days after inoculation no fungous growth was present in sets 
X and Y except in the ^-strength culture of Y, where the inocu¬ 
lum had become lodged at the surface of the liquid and a slight 
growth had developed. In set Z some growth had taken place in 
all the tubes with evidently much less in (1) and (2). Thus the 
limiting toxicity for complete inhibition was at ^ strength for 
the autoclaved material, although a retarding action was mani¬ 
fested in the second tube of set Z. In the filtered extract the 

toxic limit for complete inhibition was below the 34 strength as 
seen in set X. 

In Experiment 102 ^ 3 flax powder made up one-third standard 
strength prevented the growth of # 7 F. Uni. In Experiment 121 
one-half strength flax extract from # 4 flax also prevented the 
growth of the same strain of fungus. Full-strength and one flask 
of half-strength extract from # 1 flax prohibited growth of # 7 
F. Uni. In this experiment ( # 123) fresh, green flax, 3-334 inches 
tall, from the outdoor garden was used. Both the inhibiting 
strengths had a pH of 3.53. A second flask of the half-strength 
medium produced a growth of .5087 gms., and an average of three 
cultures in the quarter strength was .3816 gms. The extra-large 
growth in the one tube of half-strength medium suggests a toxic 
stimulatory action. Other occasional results of this irregular 
nature have been noted, especially at or near the point of com¬ 
plete inhibition. Thirty grams of # 4 flax powder in 300 cc. of 
water were used in Experiment 138, from which a series of dilu¬ 
tions was made as follows: 1/5, 2/5, 3/5, 4/5, 9/10, and 5/5 
strength. A regular increasing gradation of growth from the 3/5 
concentration downwards, a slight growth in the 4/5, and none 
above indicates the approximate inhibiting concentration of this 
material. A considerable number of the early experiments per¬ 
formed in eastern New York indicated a completely inhibiting 
toxicity of the flax extracts at or below the standard strength, as 
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illustrated in the summary given above. These included both 
extracts from dry flax powder and extracts from fresh, green flax 
plants. When this work was continued at the Missouri Botanical 
Garden it was found that some flax powders gave this same in¬ 
hibiting result, while others allowed abundant growth of Fusarium 
lini at this concentration. This was true even when inoculations 
were made from the same fungous culture at the same time for 
different flax extracts. After several series of cultures had given 
these conflicting results a careful check was made of the sources of 
the various flax powders used. It was found that uniformly 
those powders derived from plants grown in New York gave 
the inhibiting action, while those from plants grown at St. Louis 
failed to show this degree of toxicity. This interesting phase of 
the problem will be studied further, when a new supply of flax 
powders from several climatically different regions is available. 

It is evident from these experiments that different strains of 
flax possess the toxic quality in different proportions and that 
different environmental conditions surrounding the flax determine 
the concentration in the same strain at different times. 

The effect of heat on the toxic material of flax was tested in 
two ways. Flax powder was autoclaved for one hour at 18 pounds 
pressure and used for extracts. No growth of F. lini occurred in 
this extract at standard concentration. Inhibiting flax extracts 
of standard concentration have been autoclaved and tested for 
growth of the fungus. In most experiments the fungus was still 
prevented from growing, but occasionally growth developed. The 
latter cases have been interpreted as indicating a degree of toxicity 
close to the margin of inhibition and a partial injury of the toxic 

material by autoclaving in liquid medium. 

Efforts were made to eliminate the toxicity by aeration and to 
transfer such toxicity to Medium A by aerating flax extracts into 
this medium. The latter experiment was entirely negative in 
results and the former essentially so. Fresh, green flax of the 
#11 strain was ground and aerated twice for a total of about 
thirty-six hours. The HCN content was .243 per cent. The 
residual liquid, 240 cc., was provided with the usual salts and 
glucose in proper proportion and used as a culture medium for 
#7 F. lini. A retarded development took place in two filtered 
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cultures and no growth in the third, while the three autoclaved 
flasks developed a good growth. Since this medium was somewhat 
less than one-half standard strength it seems improbable that the 
aeration had any appreciable effect on its toxicity. In Experiment 
102, 39 gms. of # 3 flax powder, after a preliminary steeping in 
water, was aerated into 160 cc. of water, to which the salts and 
glucose were added to convert it into a standard Medium A plus 
any volatile products from the flax. This was made into three 
50-cc. cultures and called A. The flax filtrate of 1000 cc., ob¬ 
tained after the aeration, was divided into several portions. From 
500 cc. of it 280 cc. were distilled into a 5 per cent KOII solution 
for a cyanide determination. This portion (B) was then made up 
to its original volume; a portion (C) was retained unchanged; and 
a portion (D) was diluted to half strength. All these were pre¬ 
pared as usual as cultures and one half of the B, C, and D flasks 
were autoclaved, while the other half were used as filtered material. 
1 he following were the growth results in grams from inoculation 

with IS! 7 F. lini: —A, .3066; B-filtered, .5220; B-autoclaved, 
.4339; C-filtered, no growth; C-autoclaved, .5681; D-filtered, 
.4515; D-autoclaved, .4588. Autoclaving again seemed to remove 
the toxic effect. No toxic effect was noted in the Medium A, 
thus indicating that no volatile toxin was present in appreciable 
quantity. The process of distillation, however, destroyed the 
toxic condition as seen by comparing B and C. The original con¬ 
centration of flax extract was about one-third standard and when 
diluted to half strength fell well below the inhibiting concentration 

as seen in the I) cultures. Autoclaving makes little difference in 
this case. 

It was thought that perhaps the toxic material was a dialyzable 
compound. The following experiments were therefore made to 
test this hypothesis. For the first experiment ( # 121) 47 gms. 
of ^ 4 flax powder were left in 450 cc. of water for two days and 
then, after filtering, washed with several portions of water and 
pressings in a Buechner funnel with suction until a total of 1000 cc. 
of filtrate were obtained. Four hundred cc. were then dialyzed 
through a collodion bag, made as usual in a Kjeldahl flask. An 
electric stirrer was fitted into the neck of the bag, by a rubber 
stopper, and dialysis for two days in running tap-water was 
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followed by one more day in running distilled water. There were 
500 cc. of liquid present at the end, to which salts and glucose were 
added. Fifty-cc. flask cultures were made from this and also from 
the remainder of the flax filtrate which had not been dialyzed, 
using as always salts and glucose to equal their concentration in 
Medium A. Half of the flask cultures were autoclaved and half 
filtered. None of the cultures from the filtered, original filtrate 
produced growth; the autoclaved, filtrate cultures produced an 
average growth of .5923 gms.; the dialyzed, autoclaved cultures 
produced .2177 gms. of fungous growth; and the filtered, dialyzed 
cultures had an average of .2634 gms. of fungus. As this flax 
extract was less than half-standard strength and during the pro¬ 
cess of dialysis considerable precipitation had taken place in the 
bag it was thought best to check the results carefully. In Ex¬ 
periment 132, 26 gms. of ^ 6 flax powder were used, since the 
# 4 flax was exhausted. The dialyzing was continued with 
stirring for three days with a total of 260 cc. liquid left at the end. 
This was filtered with suction and used without dilution as a 
culture medium. No growth took place in the filtered series of 
flasks, but a belated growth of fungus did develop in two out of 
the three of the autoclaved series in a twenty-day period. No 
numerical results were taken. If dialysis removes any of the 
toxicity, as seemed to be the case in the first experiment, it is not 
rapid nor very effective as seen from the results of the second 
experiment. In the latter test the filtrate was of standard strength 
and even in the autoclaved series still showed some toxicity both 
by the belated development and by the development of growth 
in only two out of the three flasks. Further dialysis experiments 
are planned covering several strains and ages of flax. 

The relative effects of root and shoot extracts were tested out 
by an experiment ( # 101) as indicated in table vi. 

No toxic effects are evident at the concentration used and the 
root extracts provided less nutriment than those from the shoot. 
The greater growth of ^ 2 F. Uni , as compared with # 7 F. lint , 
in the shoot cultures may indicate an ability to use flax extractives 
to better advantage, or possibly an ability to withstand a certain 
toxic action which, although not sufficient to reduce the growth ol 
#7 F. Uni below the check culture, nevertheless holds back this 
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TABLE VI 



# 7 F. lini 

ft 2 F. lini 

Filtered 

Autoclaved 

Filtered 

Autoclaved 

Root 





Full str. 

.5611 


. 5472 

.6714f 

Half str. 

.4057 

.4580* 

. 3957 

.4773* 

Shoot 





Full str. 

.7793 


.8591 

.8675* 

Half str. 

.4536 

.4887* 


.5775* 

Checks 

.2427 1 

.2357 


* Average of 2 cultures. f One culture only. 


latter fungus from making as full a growth as it should. The 
latter conclusion would be in accordance with the conclusion 
reached in Experiment 81. The greater growth of # 7 F. Uni in 
the check medium, although numerically not clearly significant, 
is in line with all of the other cultural work with this strain as 
compared with #2 F. lini. 

It is interesting to note from these various experiments that 
dilutions of flax extract, which are only half as concentrated as the 
critical concentration for complete inhibition, often not only allow 
development of the fungus, but actually produce a much more 
abundant growth than the standard, check medium. Hence it 
appears that it is necessary for this toxic material to be in a rather 
concentrated form before it can overcome the nutritive stimula¬ 
tion of a culture medium favorable to the fungus. The range of 
concentration from that which gives greatest growth to that 
which is completely inhibitive is often quite narrow. 

That the toxic effect is not due to acidity or alkalinity of the 
medium is evident from two considerations. First, the flax wilt 
fungus is able to grow well throughout a wide pH range. Second, 
the flax media which prevented growth ranged mostly from a pH 
of 3.56 to 3.60, with the extreme at 4.06, while the standard check 
medium was 3.52 and the flax medium which allowed prompt and 
abundant growth ranged as high as 5.00 to 6.35 when ready for 
inoculation. Autoclaving the flax medium sometimes raised the 
pH as much as a point, although at other times only a few tenths. 
At two different times in the course of this work abundant growths 















|Vol. 18 

88 ANNALS OF THE MISSOURI BOTANICAL GARDEN 

of foreign fungi were found in flax media which completely pre¬ 
vented the growth of F. Uni. In each case it was one out of three 
identical flasks which had become infected. One of these was 
Monilia sitophila and the other an Aspergillus. This indicates 
that the toxic material in flax is at least somewhat specific for 
the Fusarium, but many further tests must be made to determine 
the range of toxic effect upon fungi in general and plant patho- 
genes in particular. A test w r as made to determine the effect of 
the toxic substance upon the fungus by transferring a mass of 
mycelium from a flax extract in which it had failed to grow into a 
flask of Medium A. There was no growth from this inoculum, 
showing that the flax medium had killed the fungus, both my¬ 
celium and spores, and not simply prevented further growth. 

ETHEREAL AND ALCOHOLIC FLAX EXTRACTS 

Flax powders have been extracted with ether and with alcohol 
by the use of the Soxhlet apparatus and also by suction of the cold 
reagent through the plant material in a Huechner funnel. The 
following summary of such experiments will indicate the methods 
and the results. In Experiment 126 # 4 flax powder was ex¬ 
tracted with ether in a Soxhlet apparatus until practically no 
green color remained to be extracted. The powder was dried and 
made into a standard flax extract. Flask cultures, made as usual, 
were inoculated with # 7 F. Uni. Abundant growth resulted. 
Some of the same powder was in a similar manner extracted with 
alcohol and the extracted flax made into flask cultures. The 
fungus grew well. As a check some of the same powder was made 
into a culture medium without having been extracted with ether 
or alcohol. No fungous growth took place. Evidently the ether 
and alcohol treatments had removed the toxic principle, at least 
below the inhibitive concentration. The ether and alcohol ex¬ 
tracts were evaporated to dryness, taken up in a small amount of 
hot water, filtered, and made into culture media. When inocu¬ 
lated with the fungus a very slow development took place in the 
culture from the ether extractive, showing, however, only after 
12 days of incubation. No growth of Fusarium occurred on the 
culture from the alcoholic extractives, although a contamination 
of Monilia sitophila took place and grew vigorously. Evidently 
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at least a portion of the toxic quality was transferred from the 
flax by means of the ether and the alcohol and hence is soluble in 
these reagents. In another experiment an alcoholic extract was 
made by treating the powder in a Buechner funnel with successive 
portions of alcohol, and applying suction. The extract was then 
evaporated to dryness, taken up in hot water, filtered and made 
into flask cultures. After inoculation with the fungus and incuba¬ 
tion for eleven days with no growth resulting, a re-inoculation was 
made and no growth was developed. Another ether extraction 
experiment was tried in which the resulting extract was concen¬ 
trated and then added to a series of tubes of Medium A. The 
first tube has 1/10 cc., the second 2/10 cc., etc., up to 5/10 cc. 
Apparently no growth took place in the more concentrated tube, 
a slight growth in the next lower, and so on down to the least con¬ 
centrated tube in which a good growth took place, although not 
as rapid or abundant as in the check Medium A. Exact studies 
of the concentration limits for these extracts have not been made. 
In some few cases ether extractions have failed to produce toxic 
cultures, but lack of proper material has made it impossible to 
determine the cause of these failures, although it is suspected that 
it is associated with the question of the source of the flax powder. 
Attempts to obtain a crystallized product from these ether and 
alcohol extracts from rather small quantities of flax have so far 
failed, but will be renewed when there is a sufficient supply of dry 
flax of known toxicity available. 

General Discussion and Conclusions 

In experiments of the kind reported here there are two factors 
acting counter to one another. In the plant extract there are 
definite food values which are added to those included in the 
nutrients of the check medium. These would tend to increase 
the total growth of the fungus over the amount in the check cul¬ 
tures. The toxic quality must be sufficiently strong to overcome 
the nutritive value of the entire culture medium. In Fermi’s 
solution used in the first studies (Reynolds, ’26) the glycerine is 
a poor source of carbon for this fungus. Glucose, used in the 
check medium in the studies reported here, is a very satisfactory 
source of carbon. Thus while the dry weight of fungus in Fermi’s 
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solution was usually less than 100 mgs., that in Medium A was 
usually from 200 to 300 mgs. The more dilute flax extracts used 
in the first study definitely retarded the growth of Fusarium in 
Fermi’s medium, although no complete inhibition was found. 
In the more favorable Medium A the dilute flax extract served 
mainly to add nutrients and the toxic quality was thus masked. 
In the more concentrated flax media, from one-half to full strength, 
the toxic quality was evidently strong enough under some circum¬ 
stances to over-balance completely the nutritive values and even 
kill the fungus. Since in many experiments the flax material was 
left long enough for the linase to hydrolyze at least a large part 
of the glucoside, linamarine, into HCN, acetone, and glucose, and 
the autoclaving produced sufficient heat to drive off the volatile 
toxic materials, it is clear that there must be in the flax a second 
toxic substance. In most of the experiments autoclaving of the 
flax extract did not so reduce its toxicity that the fungus could 
grow at the standard strength, yet occasionally at somewhat less 
than such a concentration the autoclaved medium did allow some 
growth. At about half-standard concentration autoclaving so 
reduced the toxicity that the added nutritive materials of the flax 
extract caused a distinctly larger fungous growth than in Medium 
A. At still lower concentrations autoclaving had little effect on 
the quantity of growth. It seems probable then that this second 
toxic material is somewhat thermostable although not completely 
so. Its other characteristics, as brought out in the experiments 
reported, are solubility in water, ether, and alcohol, and its es¬ 
sential non-volatility. It is somewhat specific for certain fungi 
and seems not to greatly influence others. While it does not 
dialyze readily it is not a coagulable protein. Its toxicity is 
rather low but when in sufficient amount it is absolutely deadly to 
this Fusarium. 

Very little information appears in botanical writings concerning 
any such toxicity as reported here. Osterhout (’25) has reported 
that cells of Valonia macrophysa placed in sap extracted from 
similar cells quickly die. This result he attributed to the con¬ 
trasting salt concentrations, but he did not eliminate the possi¬ 
bility that early death was due to other toxic factors, l’rdt (’27) 
heated extracts of several plant tissues and showed that living 
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cells from the same tissues die more quickly in these extracts than 
in isotonic sea-water of similar pH or in tap water. This seemed 
to indicate a special toxic action. O’Connor (’27) reported that 
specific, inhibiting, diffusible substances from plant and animal 
tissues, named by him ‘ ‘ speciamines, ” inhibited growth of pollen 
tubes of “foreign pollens.” Newton and his associates (’29) have 
noted an inhibiting action of wheat leaf filtrate on the germina¬ 
tion of urediniospores and have suggested that phenolic sub¬ 
stances are responsible for this action. It is probable that some 
of these observations, especially the last two mentioned, are in 
the same category as those reported for flax extracts. 

Several materials known or supposed to exist in plants or in 
plant extracts should be considered in an attempt to determine 
the chemistry of the toxic material. Since formaldehyde may be 
formed from chlorophyll under certain circumstances (Warner, 
T4) and has been reported in the sap of green plants (Angelico 
and Catalano, T3), and since the flax extracts contain much leaf 
pigment it was thought that possibly toxicity might be ascribed 
to this compound. Tests were made for formaldehyde in these 
extracts but with entirely negative results. Mazzetti (’28) has 
shown that although boiled linseed oil develops bactericidal 
properties, these do not appear in the raw T product from flax, al¬ 
mond, soybean, and castor bean. Since toxicity is found in un¬ 
heated flax extracts, oil of the character of those named cannot be 
responsible for the inhibiting action. High relative acidity, 
coagulable proteins, and dialyzable substances have apparently 
been eliminated by experimental results. Toxic phenolic sub¬ 
stances, such as suggested by Newton and his associates (’29), 
have not been specifically studied. 

The different degrees of parasitism as shown by Broadfoot (’26) 
to exist in the different strains of F. Uni should be considered in 
relation to resistance. In one experiment ( # 101) # 2 F. Uni , 
which in Medium A and dilute flax cultures produced less growth 
than # 7 F. Uni, gave a much greater growth, especially in 
shoot extract which has been shown to be strongly toxic. It 
appears that the greater virulence of % 2 F. Uni is associated 
with its ability to resist the toxic effects of flax, rather than with 
any special adjustment to nutritive qualities of its host. 
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That resistance to flax wilt and the toxicity of flax extracts 
may be associated phenomena is suggested not only by the more 
or less specificity of these extracts for Fusarium lini, but also by 
the relation of both phenomena toward changes of environment. 
It has been a rather common belief among those who have 
worked considerably with flax that it is easily influenced by the 
environment. Several specific evidences are discussed by Arm¬ 
strong and Eyre (T2), and in the study of varietal distribution of 
HCN this apparent environmental effect was noted. The degree 
of toxicity of flax extracts seems also to vary with the environment 
surrounding the growing flax as evidenced by the markedly lower 
toxicity of the extracts from flax grown at St. Louis as contrasted 
with those from flax grown in New York. Resistance to flax wilt 
is known to vary with temperature as noted by Tisdale (’ll) and 
studied by Jones and others (’26) more in detail, and it is possible 
that other environmental factors also are important. 

It is realized by the writer that a number of important sug¬ 
gestions made here must be much more carefully studied, but 
the general trend of this investigation seems to be well established 
and details will be studied further as time will allow. 

Summary 

A general discussion of some of the essential problems in the 
physiology of plant disease is given, with emphasis upon the need 
of attacking them as a special project, with the active coopera¬ 
tion of variously trained specialists, rather than merely as an 
incident in routine pathologic investigations. 

By cultural studies two kinds of toxic substances are recognized 
in flax extracts. 

The glucoside, linamarine, producing HCN upon hydrolysis, 
has been discussed previously. Numerous analyses for HCN in 
flax extracts show a great variability of amount of this glucoside: 
its probable presence in larger amounts in the more resistant 
strains of flax; and its apparent close association with the young, 
actively functioning cells. 

A new, somewhat thermostable, toxic material appears in the 
flax extracts of higher concentration. This material is apparently 
non-dialyzable, soluble in water, ether, and in alcohol; and varies 
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in quantity both in relation to environmental factors and in re¬ 
lation to variety of flax. In many extracts it is completely inhibi- 
tive to Fusarium Uni at the normal concentration of the flax juice. 

Bibliography 

Armstrong, H. E., and Armstrong, E. F. (’10). The function of hormones in regulat¬ 
ing metabolism. Ann. Bot. 25: 507-519. 1910. 

-, and Eyre, J. V. (T2). Studies on enzyme action. XVIII. Enzymes 

of the emulsin type. (Ill) Linase and other enzymes of Linaceae. Roy. Soc. 
London, Proc. B85: 370-378. 1912. 

Angelico, F., and Catalano, G. (T3). Formaldehyde in the sap of green plants. 

Gaz. Chim. Ital. 43: 38-43. 1913. [From Exp. Sta. Rec. 29: 132. 1913.) 

Angell, H. R., Walker, J. C., and Link, K. P. (’30). The relation of protocatechuic 
acid to disease resistance in the onion. Phytopath. 20: 431-438. 1930. 

Bishop, L. R. (’27). The estimation of cyanogenetic glucosides. Biochem. Jour. 
21: 1162-1167. 1927. 

Broadfoot, W. C. (’26). Studies on parasitism of Fusarium lini Bolley. Phytopath. 
16: 951-978. 1926. 

Dunstan, W. R., Henry, T. A., and Auld, S. J. M. (’06). Cyanogenesis in plants. 
IV. The occurrence of phaseolunatin in common flax. Roy. Soc. London, 
Proc. B78: 145-152. 1906. 

-, (’07). Cyanogenesis in plants. VI. On phaseolunatin and the 

associated enzymes in flax, cassava, and the lima bean. Ibid. 79: 315-322. 
1907. 

Eyre, J. V. (’12). The enzymes of Linaceae. Chem. News 106: 167-168. 1912. 

[From Exp. Sta. Rec. 28: 502-503. 1913.) 

Hiers, G. S. (’26). A modified liquid sealed mechanical stirrer. Ind. and Eng. 
Chem. 18: 1203. 1926. 

Hursh, C. R. (’24). Morphological and physiological studies on the resistance of 
wheat to Puccinia graminis tritici Eriks, and Henn. Jour. Agr. Res. 27:381-413. 
1924. 

Jones, L. R. (’99). Certain potato diseases and their remedies. Vt. Agr. Exp. 
Sta., Bull. 72: 3-32. 1899. 

-, (’05). Disease resistance of potatoes. U. S. Dept. Agr., Bur. PI. Ind. 

Bull. 87. 1905. 

--, (’26). Securing disease resistant plants: How important is it? Whose 

job is it? Science N. S. 63: 342-345. 1926. 

-, Johnson, J., and Dickson, J. G. (’26). Wisconsin studies upon the 

relation of soil temperature to plant disease. Wis. Agr. Exp. Sta., Res. Bull. 
71: 25-31. 1926. 

Jorissen, A. (’84). Recherches sur la germination des graines de lin et des amandes 
douces. Acad. Roy. de Belgique, Bull. III. 7 : 736-745. 1884. 

--, et Hairs, E. (’91). La linamarine—nouveau glucoside fournissant de 

l’acide cyanhydrique par dedoublement et retire du Linum usitatissimum. 
Ibid. 21 : 529-539. 1891. 

Kunkel, L. O. (’26). Studies on Aster yellows. Am. Jour. Bot. 13: 646-705. 1926. 

Leonian, L. H. (’29). Studies on the variability and dissociations in the genus 
Fusarium. Phytopath. 19: 753-868. 1929. 








[Vol. 18 

94 ANNALS OF THE MISSOURI BOTANICAL GARDEN 

Link, K. P., Dickson, A. D., and Walker, J. C. (’29). Further observations on the 
occurrence of protocatechuic acid in pigmented onion scales and its relation 
to disease resistance in the onion. Jour. Biol. Chern. 84: 719-725. 1929. 

Massee, G. (’25). On the origin of parasitism in fungi. Roy. Soc. London, Phil. 
Trans. B197: 7-24. 1925. 

Mazzetti, G. (’28). The bactericidal power of boiled linseed oil. Soc. Ital. Biol. 
Sper. Boll. 3: 749-758. 1928. [From Chem. Abstr. 23: 1150. 1929.] 

McLean, F. T. (’21). A study of the structure of the stomata of two species of 
Citrus in relation to citrus canker. Torr. Bot. Club, Bull. 48: 101-106. 1 fig. 

1921. 

-, and Lee, H. A. (’21). The resistance to citrus canker of Citrus nobilis 

and a suggestion as to the production of resistant varieties in other citrus 
species. Phytopath. II: 109-114./?<7. 1. 1921. 

Monteith, J. (’24). Relative susceptibility of red clover to anthracnose and mildew. 
Ibid. 14: 62-63. 1924. 

Newton, R., and Anderson, J. A. (’29). Studies on the nature of rust resistance in 
wheat. IV. Phenolic compounds of the wheat plant. Canadian Jour, of 
Research 1: 86-99. 1929. 

-, Lehmann, J. V., and Clarke, A. E. (’29). Ibid. 5-35. 1929. 

O’Connor, P. (’27). Inhibition of pollen growth by living tissue extracts. Roy. 
Dublin Soc., Sci. Proc. 18: 477-484. 1927. 

Osterhout, W. J. V. (’25). On the importance of maintaining certain differences 
between cell sap and external medium. Jour. Gen. Physiol. 7 : 561-564. 1925. 

Pinckney, R. M. (’24). Effect of nitrate applications upon the hydrocyanic acid 
content of sorghum. Jour. Agr. Res. 27: 717-723. 1924. 

l’rdt, S. (’27). The toxicity of tissue juices for cells of the tissue. Am. Jour. Bot. 
14: 120-125. 1927. 

Reynolds, E. S. (’24). Some relations of Fusarium lini and potassium cyanide. 
Ibid. 11 : 215-217. 1924. 

-, (’26). Nutritional studies on Fusarium lini. Plant Physiol. 1: 151- 

164. 1926. 

Roe, J. H. (’23). The estimation of simple, soluble cyanogen compounds, making 
use of the principles of aeration. Am. Chem. Soc., Jour. 45: 1878-1883. 1923. 

-, (’24). The estimation of the hydrocyanic acid content of amygdalin 

by the aeration method. Jour. Biol. Chem. 58: 667-669. 1924. 

Rosenbaum, J., and Sando, C. E. (’20). Correlation between size of the fruit and 
the resistance of the tomato skin to puncture and its relation to infection with 
Macrosporium tomato Cooke. Am. Jour. Bot. 7 : 78-82. 1920. 

Stakman, E. C., Parker, J. II., and Piemeisel, F. J. (18). Can biologic forms of 
stem rust on wheat change readily enough to interfere with breeding for rust 
resistance? Jour. Agr. Res. 14: 111-124. 1918. 

Tisdale, W. H. (’ll). Flaxwilt: A study of the nature and inheritance of wilt 
resistance. Ibid. 11: 573-606. 1911. 

Vavilov, N. I. (’14). Immunity to fungus diseases as a physiological test in genetics 
and systematics, exemplified in cereals. Jour. Genetics 4: 49-65. 1914. 

Walker, J. C., Link, K. P., and Angell, H. R. (’29). Chemical aspects of disease 
resistance in the onion. Nat. Acad. Sci., Proc. 15: 845-850. 1929. 

Warner, C. H. (’l l). Formaldehyde as an oxidation product of chlorophyll extracts. 
Roy. Soc. London, Proc. B87: 378-385. 1914. 






1931 ] 

REYNOLDS—THE PHYSIOLOGY OF PLANT DISEASE 95 

Weston, W. A. R. Dillon (’27). The incidence and intensity of Puccinia glumarum 
Eriks, and Henn., on wheat infected and non-infected with Tilletia tritici 
Winter, showing an apparent relationship between the susceptibility of wheat 
plants to yellow rust and to bunt. Ann. Appl. Biol. 14: 105-112. 1927. 

Willaman, J. J., and West, R. M. (T6). Effect of climatic factors on the hydro¬ 
cyanic content of sorghum. Jour. Agr. Res. 6: 261-272. 1916. 

Young, P. A. (’26). Facultative parasitism and host ranges of fungi. Am. Jour. 
Bot. 13: 502-520. 1926. 


